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Wpływ wysokiego ciśnienia na parametry oddziaływań nadsubtelnych 
w związkach Lavesa: (Y»stlie1)Fes i (Zro sHs) Fe 


Влияние высокого давления на параметры сверхтонкого взаимодействия 
B фазовых соединениях Лавеса (YssHf,.,)Fe: и (ZrosHfo,)Fee 


1. INTRODUCTION 
The influence of pressure on the hyperfine interaction 
parameters has been studisd for some years but it still is little 
known. The high oressure investigations are difficult. mainlv 
because of the technological problems connected with the genera- 
tion. the measurement and maintaining of high pressure far a 


sufficiently long time. This pressure should be at least aussihv- 


drostatic to avoid structural defects in the sample investigated. 
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For some years the intensive and comprehensive studies 
of Laves phate compounds кше (where F is the rare earth 
element) have been performed. Hyperfine interactions in these 
compounds have been investigated, including the dependence of 


interaction parameters on the distance between ions and so-called 


"lantanic squeezing".[1J 


2. EXPERIMENTAL 

The samples af (Y, Hf Fe and (2r, Hf }Ре 
В i 2 0 у 09 01 2 
were obtained by melting the stoichicmetric quantities of initial 

components in the induction or arc furnace in the inert gas at- 
mosphere. Only the central part of the cast from each smelt has 
been used to produce the samples. The annealing of samples in 
vacuum (106 Tr) at temperature 1250 К for 200 hours has been 
carried out to increase or to reconstruct their homogenity. After 
they had been exposed for 100 hours tO a neutron 

Е -13 / 2 н 

flux ф=7 х 10 "n/cm^ S they were annealed once again to remove the 


radiation defects. The investigated compounds crystallize in 


иче structure, shown in fig.t. 


Fig.1. Laves phase compound Mate a ө — Ба. O -Mg. 
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High pressure was produced in Brideman? s anvil pressure 
chamber (see fig.2), similar to that described in (2). The an- 
vilz were made frcm sintered carbide alloy. The value of =этр}э3 
was about 9.05 mm? . The greatest errors arosa during the 
measurement of the pressure acting on the radioactive sampie. Tne 
pressure was measured by means of а tenscmeter stuck into the 
interior wall of the chamber (2 in fig 2). 

During the turning of capti) which exerted the pressure 
the Bridgman's anvils, the wall elongated а litlle; that led to 
the increase of the resistivity of the tensometer. This 
resistivity was measured by means af the bridge. The pressures 
change of the resistivity of the conductor (8) during the phase 
transitions in Бі, Sn апа Fb was utilized to calibrat= the 
pressure. Simultaneously the calibration of the conductor um) 
made from manganine was performed. Its resistivity increases 
linearly with the pressure growth. After the calibration we put 
the tablet (d) instead of the control tablet (c). In the central 
part of the tablet (d) the mixture of the tested samoles wae 
placed together with the powdered substance of large coefficient 
of the internal friction and transferred the pressure. Usually it 
was а mixture of boron nitride and amorphic boron. The edges of 
the tablet (d) were formed of the substance transferring the 
pressure. Qwing toa this construction one could suppose that our 
radioactive sample was submitted to the quasihydrostatic 
pressure. This pressure was measured by the increase of the 
resistivity’ of the wire made from manganine. 1+ it would be 
broken however, опе would use the indications of the tensometer. 


For smaller values of pressure the anvils with hell awed 
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pigs Тн mber for the oeneration of the hydrastatic high 
Drezsure: it is equipped wth the anvils of Bridgman s 
type a with fiat anvils i b'with hollowed anvils 
с) control tablet; d)the tablet with sample investigated 
Notation: 19 caps 2) ball bearinar з) frame; in its 
interior the tensometer is stuck: 4) anvils: ©) sampla 
investigated: 6) mixture’ of nitride of boron and amorpbhic 
boron: 7) conductor made from nickeline: 6) conductor 
made from Bi, бп or Fb. 


л 


= 


m 


XS 


hemispheres (fig 2b) assured the homegenuous distribution of 
pressure. Such a construction guaranteed the self-seal on the 
edges of the anvils. 

TDPAC measurements have been performed for ( 132-482 keV 


181_ 481 н). 


cascade in Ta ( after the В decay of А standard 


spectrometer has been used. with BaF, and NE 111 scintilatore 


working with ХР 2020 Q photomultiplier. The time resolution was 
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ر 
equal tò zn 20.9 t 1.9 nz. Measurements меб cerformed on‏ 
policrystalline samples without the external magnetic field.‏ 

In the investigated materials the perturbation or tha 
angular Correlation is caused һу the hyper fine maocnestic 


interactions. For this reason the єрїп precession function can be 
written as follows: 
1 -A; u(t -2h t ^ (4) 
(4) =а + L a;(e Cos cxt + e cos 20 ) 
(= 
ag parameter takes into account the influenca of the лыс: 
which occupy the irregular positions in the crystalline lattice. 
The values of а; coefficients are proportional ts the number of 
nuclear samples in the positions influenced by the interns 
magnetic field E hf «Іп this case the following relation іс 
realized between the Larmor precession frequency Qi and the 
magnetic field Вр : 6 
оаа] = - 62.26 -10 8, [T] 
^ parameter means the relative width tA = May. À - the width 
at half maximum. Qo — the frequency for the given position of the 
ions and the Lorentz-type frequency distribution. The valuss of 
hyperfine interaction SE ae obtained from our experiment : 
are given in Table I. 
5. "RESULTS 

Ag Table І indicates, the amplitude of the measured 
hyperfine magnetic fields on 481. . nuclei occupying the position 
of Е ions, i.e. Y or Zr, increases with the increase of pressure 
in both аьа The smearing of Prf values (indicated sy A 
Darameter) increases, too. This mav be connected with the fact 


that the pressure acting on the sample is not quasihydrostatic 
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because vf zoms imperfections in the construction of our pressure 


chamber. 


Table 1 
The influence of pressure on the change of hyperfine 
magnetic fields for Та nuclei in the investigated 


uemples. 


| Sample ЖЫШ БАс ЕНЕ Ст: A i 
Г Ф. + owe wes ~~} еж ЕЕЕ = H ——— — M — — e — — — H —— — — M 4 
à : © МЕТА. 40 ТОЛИ O ОБИ: 
! 3701) FE IAS) ШИС ор ы 
, H£ Fe ms E Е ANC E d me? (iom nut 
09 01 ТЕД, EEN ASt) | O.li(D +© 

WES SE SD Pale 20) ы 

i e -6.55(10) 0.01201) 

luis Gg -7.05 (5) 0.09(1) 


Eu te ©.10(1) 
9.07615) ©.12(2) 


ae ew М + ae ao 


Soc) icm 7»X(4953.! 9.094) 


It 15 interezting to compare the pressure derivatives 
measured by uz and those obtained for the same compounds by means 
of НМЕ method (73. The. are similar as far as the signs of values 
are conzidered. Cur results confirm the difference between signs 
(er 3 (n В, ‚(др for the radioactive samplers occupying the Fe 
positions and those of F (i.e. Ta, Y and Zr). 

In (47 a supposition, based on the experimentally 
observed abnormal temoerature dependence of hyperfine fields, has 
been put меч It claimed that in K positions, occupied Бу 
nuclear samplers Ta, the localized magnetic moment was created, 
although the Ү. 27 and Ta atoms were nonmagnetic. 

It has been assured that the measured hyperfine magnetic 


field is the zum of the fields originating from core polarization 


{ a ) and cenguction electrons polarization ( ВЕ” №: 
вы = Sie + EM 
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The hyperfine field EE connected with the core oolarization iz 
ef evchange interaction origin. Teer Ss) аг тагат Те wo CHE 
mennetic moment, acting on the atom. The Вы conmtriouticn 
proportional to the magnetic moment localized near the auclear 
sampler. raking into""aecoÓunt the гесе of [4.951 cane can 
estimate the contribution of both comsonents £2 Бе on the Ta 
nuclei at room temperature: УА Я +1.З T and Bag €" iE Д in 
YFa апа БЕР = +1102 T and Bap -17.% Thin ے3‎ 

Recently the energy band calculations vers performed сг 
Fey and irFes ‚ applying the АЗЫ method 6221.15 haz seen 
revealed that in the positions occupied by Y or 2r, the magnetic 


moment exists equal to 70.49 Ав and -0.35 Ав Ае, AEF CE 


is antiparaliel to the Fe magnetic moment. The la 


ut 


t one 12 23421 
to 1.66 Ав EE YF and 1.90 445 for trFes . 

Generally, the pressure changez the hyperfine interaction 
parameterz by changing 1) the distribution af danzity t 
states,namely the distribution of the conduction selectrcnz.2? the 
distance between ions and 3) the deformation of electronic zhells 
(mainly valence ones) . The local defermation of the lattice 
around Ta ions plays particular role. too. 


The contribution af these factors may be different іп 


linearity occurs. Because of lantanic squeezing 711, excerirenced 
by atoms occupying the К positions, the external реез=ыге lsa2z 
mainlv to the decrease cf the value of the magnetic manent 


localized іг this position and cormsesuently to the decrease Df 
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" д Р ЕР h 3 
I à Fecauee of opposite signs Буи and e and reciprocal 
relation between them,it leads to the increase of the amplitude of 
magnetic field observed on Te nuclei (see Table II). In the above 
к СЕР А 
consider ationgz we  »sssumed that Ве does not change with the 


pressure, cr its decrease with the increase of pressure is 


considsrabl.; smaller than in the case of PEE . 


(X, Hf, Fe, 


2.1 


2.0 (ZragHfa, Fe, 


0 20 40 60 80 pikbar] 


|'endencs of i р - it Fe 
[= a n Бы for 097 04 Ns 2 


Fiz.2. The pressure de 
к. 


and 


a 


Ths decresce 2+ Fe magnetic moment does not neceszasrilv lead 
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the reductiecn of fields induced on Та ( transferred hyperfine 
fisids) А PEL Б BE if this field is compensated by thse 
deczr2ase of overlapping of the wavefunction of Feí(Zd»-Ta:és).liks2 


in the case of YFegl 23. Zuch behavior was noticed for nicroi C73 


On the contrary. the decrease of the localized momentz of 
Fe nuclei connected with the increas2 cf the pressure, causes the 
magnetic field reduction (OUnB, р/р «i». because tha Bøf 
contribution is very small in this case. 

The difference between values от Вор meazured іп Е 
positions for Y(Zr) and Ta is caused probably by the fact that 
the contributions from the core polarization for 59 ions are the 
greatest in the whole periodic table (and are egual to 
73T/unpaired  spin/). Certainly, the induced localized magnetic 
moment on Ta impurity atoms will be different from the intrinsic 
moment of Y(Zr) atoms in Үғе a or 2гРе2 compounds, as far as 
its value is concerned. 


Table II. 
Hyperfine fields and their pressure derivatives. 


i } | } i дїп EM i i i 
: iNuclear | EWtT2 |^ OF }Тетр. !Lit.! 
Н Sample ‘sampler ! at P=0 | £10 kbar 2} CK] } 1 
И усана, Fes. Итаат аси: 41.001) — 4300 ^: 39 | 
‚ 09 01 2; 1 ! i 1 ! 
: YFe p Py 4 239, бое ВЛ "€ Saver csi: 
i YFe В o 21.2 Br л сша | РН EE 
p--]------------ prc melee pem н p------—------ p2----1----! 
tra Ht, Fe, ! Ta^ (*:-6.S(1) 1 722.30) TESI TEX | 
‚ 09 0 zm ; К : i i 1 
1 irFe г’ Sabet, S750»! rts) ЕЕ 
1 zrFe P^ SP реў + -22.241) 1 -7.5(1) i «ВА. ay С 


ж) our experiment 
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Streszcze nie 
frzeprowadzono pomiary TDPAC w temperaturze рокојомеј 
w celu wyznaczenia pól nadsubtelnych na jadrach 18102 w zwią- 
zkach b. oito, Fe. i (220,992 1) Feo. *yznaczono wielkości 
tych pól м funkcji ciénienia do 80 kbar, oraz ich pochodne ciá- 
p Mex. Uzyskane wyniki potwierdzają różnicę znaków 
р dla próbników jadrowych obsadzajacych pototenia Ре i po- 


tozenia В /tzn, Ta, Y i 2г/. Jest to zgodne & pr£ypuszczeniem, 
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że w położeniach R, zajmowanych przez próbniki Ta indukowany 


jest moment magnetyczny, mima to, ze atcmy Ta, Y i Zr за niema- 


gnetyczne, 
РЕЗЮМЕ 


181, 
Для определения сверхтонких полей на ядрах 8% в соеди- 
нениях (Yo ӨН 4)Feo и (2г оНРо 4)Fe, проводились измерения 
ДВУК при комнатной температуре. Определены значения этих полей 


как Фунидии давления, а также их производные относительно дав- 


ления, gg Полученные результаты подтверхдают тот факт, 


что величина ap имеет разные знаки для ядерных зондов B 


положении Ре и в положении К (т.е. Та, Ү, Zr). Это согла- 
суется с предположением, что в положениях В занимаемых зон- 
дами Ta индуцируется магнитный момент - несмотря на то, что 
атомы Ta, Y и Zr ~ немагнитные. 
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